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We analyze a 37 pb−1 data sample collected with the SND detector at the VEPP-2000 e+e−
collider in the center-of-mass energy range 1.05–2.00 GeV and present an updated measurement of
the e+e− → ωpi0 → pi0pi0γ cross section. In particular, we correct the mistake in radiative correction
calculation made in our previous measurement based on a part of the data. The measured cross
section is fitted with the vector meson dominance model with three ρ-like states and used to test
the conserved vector current hypothesis in the τ− → ωpi−ντ decay.
I. INTRODUCTION
The process e+e− → ωpi0 is one of the dominant processes contributing to the total hadronic cross section at the
center-of-mass (c.m.) energy between 1 and 2 GeV. The measurement of the e+e− → ωpi0 cross section provides
information about properties of excited ρ-like states and can be used to check the relation between the cross section
and the spectral function in the τ → ωpi−ντ decay following from the conserved vector current hypothesis [1].
The e+e− → ωpi0 cross section was measured in the ND [2], SND [3–5], and CMD-2 [6, 7] experiments at the
VEPP-2M collider at c.m. energies below 1.4 GeV, in the KLOE experiment [8] in the φ-meson region, and in the
DM2 experiment [9] in the 1.35− 2.4 GeV energy range.
In the SND experiment [10–13] at the VEPP-2000 e+e− collider [14] the e+e− → ωpi0 cross section is studied in
the five-photon final state when the of ω meson decays to pi0γ. The result of the study based on data collected in
2010 and 2011 was published in Ref. [15]. However, a mistake was made in the calculation of the radiative corrections
in Ref. [15], which led to incorrect measurement of the Born e+e− → ωpi0 cross section.
In this paper we reanalyze the 2010-2011 data sample (25 pb−1) and add data collected in 2012 (12 pb−1). The
analysis is very close to that described in Ref. [15]. We correct the mistake in the radiative correction calculation and
slightly modify the selection criteria of e+e− → γγ events for luminosity measurement. The analysis uses an updated
version of the event reconstruction and simulation software. Therefore, the values of the efficiency corrections and
systematic uncertainties are changed compared with those in Ref. [15].
In this analysis we use the corrected values of the c.m. energy (E) obtained in Ref. [16]. The accuracy of the
energy measurement is 6 MeV and 2 MeV for 2011 and 2012 experiments, respectively. The 2010 and 2011 data are
combined assuming that the energy calibration is the same for the 2010 and 2011 experiments.
II. LUMINOSITY MEASUREMENT
Following the previous work [15], we use the e+e− → γγ process for the luminosity measurement. Similar to the
process under study, it does not contain charged particles in the final state. Therefore, some uncertainties on the
cross section measurement cancel as a result of the luminosity normalization.
We select events with at least two photons and no charged particles. The number of hits in the detector drift chamber
is required to not exceed 5. The energies of two most energetic photons in an event must be larger than 0.3E. The
azimuthal (φ1,2) and polar (θ1,2) angles of these photons must satisfy the following conditions: ||φ1−φ2|−180◦| < 11.5◦,
|θ1 + θ2 − 180◦| < 17.2◦, and (180◦ − |θ1 − θ2|)/2 > 54◦.
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FIG. 1: The distribution of the pi0γ invariant mass for selected data events (points with error bars) with E = 1494 MeV. The
curve is the result of the fit by the sum of the signal and background distribution. The dashed curve represents the background
contribution.
The integrated luminosity measured for each energy point is listed in Table I. The systematic uncertainty on the
luminosity measurement estimated to be 1.4%.
III. EVENT SELECTION
For the process under study e+e− → ωpi0 → pi0pi0γ → 5γ, candidate events must have at least five photons and no
charged particles. The number of hits in the drift chamber is required to not exceed 5. The normalized total energy
deposition in the calorimeter Etot/E > 0.5. For events passing this selection, kinematic fits to the e
+e− → 5γ and
e+e− → pi0pi0γ hipotheses are performed. The following cuts are applied on the χ2 of the kinematic fits: χ25γ < 30 and
χ2pi0pi0γ −χ25γ < 30. The detailed description of the kinematic fits and the selection criteria can be found in Ref. [15].
The number of signal events is determined from the fit to the pi0γ mass spectrum with a sum of signal and
background distributions. The fitting procedure is described in detail in Ref. [15]. The result of the fit to the data
spectrum for the energy point E = 1494 MeV (two entries per event) is shown in Fig. 1. The ω meson peak is clearly
seen in the spectrum. The dashed curve represents the background contribution. The fitted numbers of signal events
for each energy point is listed in Table I.
IV. THE e
+
e
−
→ ωpi
0
→ pi
0
pi
0
γ BORN CROSS SECTION
The experimental values of the Born cross section is determined as
σ(Ei) =
Ns,i
Liεi(1 + δ(Ei))
, (1)
where Ns,i, Li, εi, and δ(Ei) are the number of selected signal events, integrated luminosity, detection efficiency, and
radiative correction for the i-th energy point. The detection efficiency for the process under study is determined using
MC simulation and then corrected by (−3.9±0.7)% to take into account data-MC simulation difference in the detector
response (see Ref. [15] for details). The found detection efficiency εr is a function of two parameters: the c.m. energy
E and the energy of the extra photon Er emitted from the initial state. The efficiency in Eq. (1) εi = εr(Ei, Er = 0).
The radiative correction is determined from the fit to the visible cross section data (σvis(Ei) = Ns,i/Li) with the
3TABLE I: The c.m. energy (E), integrated luminosity (L), detection efficiency (ε), number of selected signal events (Ns),
radiative-correction factor (1 + δ), measured Born cross section (σ). The quoted errors on Ns and σ are statistical. The
systematic uncertainty on the cross section is 2.7% at E < 1.59 GeV, 3.5% at 1.59 < E < 1.79 GeV and 5.2% in energy range
E > 1.79 GeV.
E, GeV L, nb−1 ε, % Ns 1 + δ σ, nb
1047± 6 352 35.1 105 ± 13 0.895 0.95± 0.11
1075± 6 542 35.3 180 ± 17 0.903 1.04± 0.09
1097± 6 839 35.5 290 ± 19 0.905 1.08± 0.07
1124± 6 520 35.9 213 ± 17 0.907 1.26± 0.11
1151± 6 412 36.3 178 ± 13 0.912 1.3± 0.1
1174± 6 536 36.3 230 ± 21 0.913 1.29± 0.12
1196± 6 1063 36.0 485 ± 25 0.913 1.39± 0.07
1223± 6 554 37.2 251 ± 19 0.913 1.33± 0.11
1245± 6 432 37.3 184 ± 14 0.913 1.25± 0.12
1273± 6 495 37.1 257 ± 21 0.914 1.53± 0.13
1277± 2 677 37.3 320 ± 21 0.917 1.38± 0.09
1295± 6 1266 37.5 678 ± 31 0.915 1.56± 0.07
1323± 6 526 38.2 282 ± 23 0.915 1.54± 0.12
1344± 6 553 37.8 289 ± 24 0.917 1.5± 0.13
1357± 2 756 37.8 418 ± 29 0.915 1.6± 0.11
1374± 6 572 37.5 304 ± 23 0.916 1.55± 0.12
1394± 6 1042 37.3 574 ± 32 0.921 1.61± 0.09
1423± 6 598 37.9 372 ± 22 0.922 1.78± 0.1
1435± 2 917 37.4 528 ± 27 0.923 1.67± 0.09
1443± 6 428 37.4 218 ± 17 0.926 1.47± 0.12
1471± 6 596 37.6 285 ± 20 0.931 1.37± 0.1
1494± 6 1954 38.1 990 ± 40 0.938 1.42± 0.06
1515± 2 829 37.6 355 ± 22 0.944 1.21± 0.08
1522± 6 478 37.6 251 ± 17 0.945 1.48± 0.1
1543± 6 546 38.2 225 ± 16 0.952 1.13± 0.08
1572± 6 510 37.4 170 ± 15 0.965 0.93± 0.08
1595± 2 903 37.3 264 ± 19 0.976 0.77± 0.07
1594± 6 820 36.7 226 ± 19 0.974 0.8± 0.06
1623± 6 508 37.6 132 ± 14 0.992 0.7± 0.08
1643± 6 471 36.4 94± 11 1.006 0.54± 0.07
1669± 6 454 36.2 75± 11 1.021 0.45± 0.07
1674± 2 837 35.7 127 ± 13 1.025 0.41± 0.04
1693± 6 827 35.1 105 ± 13 1.043 0.35± 0.04
1716± 2 455 34.6 50± 7 1.059 0.3± 0.05
1723± 6 507 35.5 32± 7 1.060 0.17± 0.04
1742± 6 509 34.4 32± 8 1.077 0.17± 0.04
1758± 2 797 33.8 50± 10 1.081 0.17± 0.04
1774± 6 530 34.1 38± 7 1.072 0.2± 0.04
1798± 2 919 32.2 59± 10 1.066 0.14± 0.03
1793± 6 752 32.8 38± 7 1.058 0.19± 0.03
1826± 6 488 33.4 16± 5 1.037 0.09± 0.03
1840± 2 953 31.9 38± 8 1.024 0.12± 0.03
1849± 6 403 31.7 9± 5 1.020 0.07± 0.04
1871± 6 641 31.6 20± 6 1.002 0.1± 0.03
1874± 2 835 30.7 32± 6 1.004 0.12± 0.02
1893± 6 579 31.4 24± 6 0.993 0.13± 0.03
1903± 2 867 29.9 16± 5 0.989 0.08± 0.03
1901± 6 559 29.6 13± 5 0.986 0.06± 0.02
1926± 2 614 29.6 14± 5 0.978 0.08± 0.03
1927± 6 562 29.4 16± 4 0.979 0.1± 0.03
1945± 2 823 28.8 15± 5 0.973 0.06± 0.02
1953± 6 402 29.3 4± 3 0.970 0.03± 0.03
1967± 2 679 27.7 12± 4 0.970 0.06± 0.03
1978± 6 467 27.1 5.6+6.5
−3.0 0.970 0.05
+0.05
−0.02
1989± 2 578 27.6 10± 3 0.964 0.06± 0.02
2005± 6 546 27.2 10± 4 0.965 0.07± 0.03
4TABLE II: The fitted parameters of the e+e− → ωpi0 cross-section model.
Parameter Model 1 Model 2 Model 3
gρωpi, GeV
−1 15.9 ± 0.4 16.5 ± 0.2 –
A1 0.175 ± 0.016 0.137 ± 0.006 0.251 ± 0.006
A2 0.014 ± 0.004 ≡ 0 0.027 ± 0.003
Mρ(1450), MeV 1510 ± 7 1499 ± 4 1516 ± 10
Γρ(1450), MeV 440 ± 40 367 ± 13 500 ± 30
Mρ(1700), MeV ≡ 1720 – ≡ 1720
Γρ(1700), MeV ≡ 250 – ≡ 250
ϕ1, deg. 124 ± 17 122 ± 8 162 ± 6
ϕ2, deg. -63 ± 21 – -24 ± 10
χ2/ν 71 / 73 85 / 75 83 / 74
function
σvis(E) = σ(E)ε(E)(1 + δ(E) =
xmax∫
0
εr(E, xE/2)F (x,E)σ(E
√
1− x)dx, (2)
where F (x,E) is a function describing the probability to emit extra photons with the total energy xE/2 from the
initial state [17]. The Born cross section is described by the following formula [15]
σ(E) =
4piα2
3E3
|Fωpiγ(E2)|2Pf (E)B(ω → pi0γ), (3)
where α is the fine structure constant, Fωpiγ(E
2) is the γ∗ → ωpi0 transition form factor, B(ω → pi0γ) is the branching
fraction for the ω → pi0γ decay, and Pf (E) is the phase-space factor. In the narrow ω-resonance approximation
Pf (E) = q
3
ω, where qω is the ω-meson momentum. The transition form factor is parametrized in the vector meson
dominance (VMD) model as a sum of the ρ(770), ρ(1450), and ρ(1700) resonance contributions:
Fωpiγ(E
2) =
gρωpi
fρ
(
m2ρ
Dρ
+A1e
iϕ1
m2ρ(1450)
Dρ(1450)
+A2e
iϕ2
m2ρ(1700)
Dρ(1700)
)
, (4)
where gρωpi is the ρ→ ωpi coupling constant, fρ is the γ∗ → ρ coupling constant calculated from the ρ→ e+e− decay
width, Dρi(E) = m
2
ρi
−E2− ıEΓρi(E), mρi and Γρi(E) are the mass and width of the resonance ρi. The formula for
Γρ(770)(E) is given in Ref. [15]. For the ρ(1450) and ρ(1700), the energy-independent widths are used.
The free fit parameters are gρωpi, mρ(1450), Γρ(1450), and the relative amplitudes (Ai) and phases (ϕi) for the ρ(1450)
and ρ(1700). Since the ρ(1700) contribution is found to be small, its mass and width are fixed at their Particle Data
Group (PDG) values [19]. The data from this work are fitted together with the cross-section data obtained in the
SND@VEPP-2M [3, 4] and KLOE [8] experiments. The model describes data well (χ2/ν = 71/73, where ν is the
number of degrees of freedom). The obtained fit parameters listed in Table II (Model 1) are used to calculate the
radiative corrections.
The experimental values of the Born cross section obtained using Eq. (1) are listed in Table I together with the values
of the detection efficiency and radiative correction. The quoted errors are statistical. The systematic uncertainties
(see Ref. [15] for details) are summarized in Table III for three energy intervals. Compared with Ref. [15] there is no
the systematic uncertainty associated with data-MC simulation difference in photon conversion. In this analysis, the
photon conversion probability before the drift chamber is measured with high accuracy using e+e− → γγ events.
V. DISCUSSION
The measured e+e− → ωpi0 → pi0pi0γ Born cross section is shown in Fig. 2 in comparison with the previous
measurements [3, 4, 7, 9]. Our data are in agreement with the SND@VEPP-2M and CMD-2 measurements below
1.4 GeV, but exceed the DM2 data in the energy region 1.35 − 1.75 GeV. After correction of the mistake made in
Ref. [15], the Born cross section increases by 2% at E = 1.1 GeV, 6% at 1.4 GeV, 12% at 1.6 GeV. Dramatic changes
are observed above 1.8 GeV, where the cross section in Ref. [15] was consistent with zero.
5TABLE III: The systematic uncertainties (%) on the measured cross section from different. The total uncertainty is the sum
of all the contributions in quadrature.
Source E < 1.59 GeV 1.59 < E < 1.79 GeV E > 1.79 GeV
Luminosity 1.4 1.4 1.4
Selection criteria 0.5 0.5 0.5
Beam background 0.5 0.5 0.5
Radiative correction 1 1 3
Interference with ρ0pi0 2 3 4
Total 2.7 3.5 5.2
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FIG. 2: The cross section for e+e− → ωpi0 → pi0pi0γ measured in this work (circles), and in SND@VEPP-2M [3, 4] (triangles),
CMD-2 [7] (stars), and DM2 [9] (squares) experiments. Only statistical errors are shown. The curve is the result of the fit to
SND 2000 and SND 2013 data described in the text (Model 1).
The measured cross section is well described by the VDM model with two excited ρ-like resonance. The fitted mass
and width of the ρ(1450) resonance listed in Table II are in reasonable agreement with the corresponding PDG values.
The contribution of the ρ(1700) resonance is small. We also perform a fit with one excited resonance (Model 2 in
Table II). From the difference of the χ2 values for Models 1 and 2 we determine that the significance of the ρ(1700)
contribution is 3.7σ.
Using the fit results and the branching fraction B(ω → pi0γ) = (8.88± 0.18)% measured by SND [18], the products
of the the branching fractions are calculated to be
B(ρ(1450)→ e+e−)B(ρ(1450)→ ωpi0) = (2.1± 0.4)× 10−6, (5)
B(ρ(1700)→ e+e−)B(ρ(1700)→ ωpi0) = (0.09± 0.05)× 10−6. (6)
In Fig. 3 we show our result on the normalized γ∗ → ωpi0 transition form factor in comparison with the data
obtained from the ω → pi0µ+µ− decay in the NA60 experiment [20]. The Fωpiγ(0) value is calculated from the
ω → piγ decay width measured by SND [3] using the formula
|Fωpiγ(0)|2 = 3Γ(ω → pi
0γ)
αP 3γ
, (7)
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FIG. 3: The γ∗ → ωpi0 transition form factor. The points with error bars represent data from this work (circles), Ref. [3]
(triangles), and Ref. [20] (squares). Only statistical errors are shown. The curve is the result of of the fit to the e+e− → ωpi0
cross-section data. The dashed curve shows the ρ(770) contribution.
where Pγ is the decay photon momentum. We modify our form-factor model to provide correct normalization at zero:
Fωpiγ(E
2) = Fωpiγ(0)
(
m2ρ
Dρ
+A1e
iϕ1
m2
ρ(1450)
Dρ(1450)
+A2e
iϕ2
m2
ρ(1700)
Dρ(1700)
)
/
(
1 +A1e
iϕ1 +A2e
iϕ2
)
. (8)
The parameters of this model obtained from the fit to the SND and KLOE data are listed in Table II (Model 3). The
normalization requirement leads to worse but still acceptable fit quality. The fitted curve is shown in Fig. 3. It is seen
that the VMD model cannot describe simultaneously the e+e− → ωpi0 and ω → pi0µ+µ− data.
The CVC hypothesis and isospin symmetry give the relation between the e+e− → ωpi0 cross section and the
τ− → ωpi−ντ decay width [1, 21]
Γ(τ− → ωpi−ντ ) = G
2
F |Vud|2
64pi4α2m3τ
∫ mτ
q3(m2τ − q2)2(m2τ + 2q2)σωpi0(q)dq, (9)
where |Vud| is the Cabibbo-Kobayashi-Maskawa matrix element, mτ is the τ lepton mass, GF is the Fermi constant.
Integrating the fitted curve shown in Fig. 2 we obtain Γ(τ− → ωpi−ντ )B(ω → pi0γ) = (3.76± 0.04± 0.10)× 10−6 eV.
Using the PDG value of the τ lifetime [19] and the SND result for B(ω → pi0γ) [18] we calculate
B(τ− → ωpi−ντ ) = (1.87± 0.02± 0.07)× 10−2. (10)
The calculated branching fraction is in good agreement with the experimental value (1.96 ± 0.08) × 10−2 that was
obtained as a difference of the PDG [19] values for B(τ− → ωh−ντ ) and B(τ− → ωK−ντ ).
VI. SUMMARY
The e+e− → ωpi0 → pi0pi0γ cross section has been measured in the energy range of 1.05–2.00 GeV in the experiment
with the SND detector at the VEPP-2000 e+e− collider. We correct the mistake in the radiative correction calculation
7made in our previous work [15] and increase the statistics. The results presented in this paper correct and supersede
the results of Ref. [15].
Our data on the e+e− → ωpi0 cross section in the energy range 1.4–2.0 GeV are most accurate to date. Below 1.4
GeV they agree with the SND@VEPP-2M [3] and CMD-2 [7] measurements. Significant disagreement is observed
with DM2 data [9] in the energy range 1.35–1.75 GeV.
Data on the e+e− → ωpi0 cross section are well fitted by the VMD model with the ρ(770), ρ(1450), and ρ(1700)
resonances. However, this model cannot describe simultaneously the data on the γ∗ → ωpi0 transition form obtained
from the ω → pi0µ+µ− decay [20].
We have also tested the CVC hypothesis calculating the branching fraction for the τ− → ωpi−ντ decay from
our e+e− → ωpi data. The calculated branching fraction agrees with the measured value within the experimental
uncertainty of about 5%.
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